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The  effect  of  concentration  of  primarily  tryps.i  ni  zed  chick  embryo  fibro¬ 
blasts  on  the  level  of  the  yield  of  Venezuelan  equine  cncephaloymyelitis  (VES) 
virus  per  one  cell  under  different  conditions  of  cultivation— stationary  mon¬ 
olayer,  suspension-,  roller  cultivation — was  studied.^  Even  though  the  great¬ 
est  virus  yield  per  cell  is  observed  in  monolayer  ‘sta^onary  cultures,  -  the- 
maximum  amount  of  cells  counted  per  ml  o  f  growth  medium  without  any  significant 
reduction  of  virus  yield  per  1  cell  is  achieved  in  suspension  cultures.  In 
consecutive  statistical  comparison  of  the  results  of  VER  virus  cultivation,  it 
was  found  that  titers  of  the  infectious  activity  in  rollor  cultures  wore  sig¬ 
nificant  higher  than  in  stationary  monolayer  and  suspension  cultures.  Inves¬ 
tigation  of  the  regularities  of  VEE  virus  increase  in  primary  and  continuous 
cells  in  different  cultural  systems  has  been  useful  for  production  under  these 
conditions  of  sone  other  RNA-containin£  viruses. 

In  a  previous  report,  the  effects  of  the  plurality  of  infection  on  the 
production  of  the  VEE  virus  is  different  cultural  systems  was  studied.  Pri¬ 
marily  only  the  trypsinlzed  chick  embryo  fibroblasts  wore  used  in  the  capaci¬ 
ty  of  model  cells.  Presently,  the  effect  of  the  concentration  of  cells  on  the 
production  of  virus  calculated  on  1  ml  of  growth  modium  was  investigated. 

The  roller,  suspension,  and  monolayer  stationary  of  trypsinlzed  and  interwoven 
cells  wore  primarily  studied.  Besides  the  Venezuelan  equine  encephaloymyelitis 
(VEE),  other  RNA-containing  viruses  were  tested*,  a  representative  type  of 
the  A  arbo-viruses— — the  sindbis  virus  and  mixo-virus  of  vesicular  stomatitis 
vlrus(VSV) . 


Materials  find  Technique:; 

The  described  strain  of  VEE  virus  in  the  preceding  report  was  used.  The 
Sindbis  virus  was  received  from  (Iranoff  (Mom pi, is,  U.m.a.).  The  vesicular  sto¬ 
matitis  virus,  strain  was  received  from  the  Museum  of  Virulent  Strains  of 
the  D.I.  Ivanovsky  Institute  of  Virulogy,  Academy  of  Medical  Sciences,  U.S.S.I 
From  the  moment  of  delivery,  the  viruses  wero  kept  with  serial  passages  in  * 
chick  embryonic  firoblasts  (CEF).  The  viruses  titrated  according  to  the  mod¬ 


ified  watch  method  with  agar(l4). 

i 

The  trypslnized  CEF  were  primarily  prepared  by  the  usual  method(l).  The 
interwoven  cells  of  mice  fibroblasts  of  L  lino(G)  wore  grown  in  apparatus  sus¬ 
pension  cultivation.  The  interwoven  cells  of  VERO  line, — —green  marmoset 

kidneys,  PS — pig  kidneys(8),  VNA-21 - young  Syrian  hamster  kidneys(ll)  broede 

in  standard  single  liter  mats  in  the  form  of  one  layer  cultures.  Cells  were 
taken  from  the  glass,  with  a  mixture  of  tho  same  volumes,  warmed  to  37  degrees 

i 

0.23%  solution  of  trypsin  and  .02%  solution  of  vorsin,.  Under  virus  cultivation 
in  tho  capacity  of  growth  medium  and  accumulation  medium,  tho  intorwovon  linos 
v/oro  oxchancod  for  L  cells  and  PS  medium  No.  109  with  10%  normal  heated  boef 
sorun,  but  for  VEHO  and  VNA-21  colls - the  cgla  medium  with  10%  serum  of  cal¬ 


ves.  Antibiotics  were  added  at  tho  rate  of  100  ED  per  1  ml. 


Results 

Effect  of  the  amount  of  cells  calculated  at  1  ml  of  accumulation  medium 
on  production  of  VEE  virus. 

The  results,  shown  on' the  graph,  are  of  the  determining  of  average  pro¬ 
duction  of  VEE  virus  calculated  at  one  cell,  obtained  in  a  sories  of  experi¬ 
ments  characterizing  tho  dependence  of  VEE  virus  production  on  the  means  of 
cultivation  and  density  of  cellular  population  (for  suspension  cultures)  or 
the  amount  of  colls  on  1  ml  of  accumulation  medium  ifor  one  layer  stationary 
and  roller  cultures).  Maximum  virus  production  on  one  coll  CEF  in  suspension 
.vac  noted  for  density  population  2.5~3*10*  cells/al  and  1200  BOE/cells  was 
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ndt  exceeded.  .Optimum  concentration  or  -  eel. in  In  I  > ,:„i  tn'r.Wy  calculated  at 
i  sal  or  accumulation  snodiura  was  5-6*10v  collqAii,  Out  vi  rus;  yield  up  to  to 
2500  1?0  S/c  ell  was  found  in  singlo  layer  stationary  cul  Lures  of  OKF  colls  in 
the  quantity  of  1  ml  of  accumulation  medium  oqu.-<.i  1  y  vv.L i> li  1. 5-2  mini 

Effect  of  manner  of  cultivation:  In  table  1.  an*  rojirooontbd  tho  results 
of  parallel  VSE  virus  cultivation  in  suspension,  r;t  t Inna ry  single  layer,  and 
roller  cultures  of  CEF  colls.  Highest  titers*  of  Infectious  activity  were 
determined  under  roller  cultivation.  Characteristically,  hero  the  effect  of 
difference  of  virus  titers  in  dependence  from  plurality  of  infection  is  strong¬ 
ly  pronounced.  Also  eystemitized  in  table  1  are  results  of  VEB  virus  cultivation 
in  different  conditions  on  L  cells  and  sevoral  into rwo von  linos  of  kidney  cells 
——P.1,  VKUO,  VNA-21.  Hollor  coll  culture  turned  out;  to'  bo  most  productive. 

The  change  of  the  effect  of  plurality  of  infection  in  stationary  single  layer 
cultures  in  its  dependence  from  the  cell  origin  is  to  be  noted. 

In  tables  2  and  3  are  represented  facto  characterizing  multiplication  in 
differont  cultural  systems  of  primarily  Interwoven  SV  and  VSV  colls.  Mag¬ 
nitude  of  maximum  virus  titora  changes  insignificantly  under  uso  of  studiod  me¬ 
thods  of  cultivation.  Effect  of  plurality  of  infection  in  these  situations  va¬ 
guely  became  apparent.  Essential  increase  of  infectious  titers  of  SV  virus 
when  multiplying  on  interwoven  VERO  eells  is  noticeable  in  the  event  of  use  • 

of  roller  culture  in  comparison  with  the  stationary  monolayer.^; : 

1  *  •  •'  *  1 .1  •  • 

In  a  special  aeries  of  experiments,  possibility  of  equivalent  application 

.  -if-?;.  ■  . 

of  the  single  layer  method  and  suspended  cultures  for  accumulation  of  several 
other  representatives  of  RNA-containing  viruses;  Somliki  timber  virus,  diseas¬ 
es  of  New  Castle  virus  and  A  tyoe  grippe  viruses  (strain  WSN).: 

Roller  and  suspension  culturoo  gave  high  concentration  of  viable  cells 
on  1  ml  of  culture  medium  and  theroforo,  in  optimum  conditions  allow  a  high 
accumulation  of  henagglutinln  and  interfon.  So,  in  the  multiplying  of  VE2 
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vind  o'J  viruses  on  CEP  coIIg  in  suspension  and  on  titer  rollor  of  hemagglutinin 
2000-4000  hemagglutinin-producing  unite  wope  achieved  in  one  ml,  but  the  acti¬ 
vity  of  induced  intbrfon  with  then,  turned  out  to  bo,  an  a  rule,  near  1000 
IEJ#/ml  andmoro.  Detailed  results  of  the  study  of  higher  accumulation  of  in¬ 
duced  intorfon  with  designated  viruses,  in  difforont  culture  systems  wore  sta- 
tod  in  previous  communication. 

,  Discussion 

Cultivation  manner  and  cell  density— oxtremely  vital  factors  which  deter¬ 
mine  not  only  smoothness  and  outcose  of  infectious  procoss  i^n  "the  interaction 
of  viruses  with  cells,  but  also  magnitude  of  average  production  of  a  virus 
on  one  cell.  Maximum  yield  of  a  virus  on  a  cell  under  uoo  of  single  layer  sta¬ 
tionary  cultures  was  reported.  .1  t 

Somewhat  lesser  production  of  a  virus  oh  ono  cell  in  roller  cultures  in 
comparison  with  one  layer  stationary  is  stated,  obviously  that  in  conditions  of 
periodic  contact  of  cello  with  nutrient  Medium  in  revolving  bottles,  the  in- 
tensity  of  material  change  in  them  is  lowered,  but  possibility  of  readBOrp- 
tion  again  of  the  produced  virus  grows.  For  the  only,  porhaps,  exception  con¬ 
cerning  the  fact  of  better  virus  production  is  of  the  tick  encephalitis  in 
suspension t 12) ,  lower  production  of  virus  on  a  cell  in  suspension  is  observed 
for  versatile  viruses  with  many  researchers.  In  our  experiments;  virus  pro-  ' 
duct  Ion  on  one  cell  in  suspension  was  continually  lower,  hut  inf sufficient  mea¬ 
sure  that  production  compensated  with  an  increase  in  cell  concentration.  That 
question  was  more  specifically  discumaedl among, us)  in  another  work(4). 

Expediency  of  applied  use  of  roll or  cultures  are  confirmed  with  an  exper¬ 
iment  of  8uco83 ful  application  of  thie  method  for  obtaining  anti-toxin  vaccines 
19,  10,  Ubortini  et  al,1962).  In  relation  of  series  of  viruses,  it  was  esta¬ 
blished  that  cultivation  in  revolving  receptacles  regularly  encouraged  virus 
suspension  with  sufficiently  high  titersll^,  2,  6,  5) • 

In  Statistical  treatment  of  results,  given  in  table  1  are  veritable  dif- 


5 


fercnces  between  rows  of  indices  in  strength  <>f  :.ii<  i  i  ii  led  number  of  the  given 
observations.  Subsequently,  statistical  cow.  -u-i  ;;o:t  ■■>.■  id  figure  of  ex¬ 
perimental  facts,  received  in  different  aerie:;  , :  o-'neri  ..lent;;  according  to 
virus  multiplication  in  one  layered  stationary,  r<>M.  —  t  .-ind  ■  ;u a p.-;n.e ion  cul¬ 
tures,  allow  two  conclusions:  1).  the  Mishor-gLudonl.  inde::  in  con])arison  of 
roller  and  stationary  cultures  indicates  relia'oi  a  ty  of  differences  and  con¬ 
firms  the  fact  of  higher  virus  yields  in  revolving  containers,  virus  accum¬ 
ulation  level  in  suspension  and  stationary  single  layer  cultures  are  approxi¬ 
mately  similar:  2).  with  dispersing  analysis,  it  seems  to  turn  out  well  that 
among  other  factors  determining  magnitude  of  maximum  virus  titerstin  the  pre¬ 
sent  case,  roller  in  comparison  with  stationary),  the  role  of  the  kind  of  cul¬ 
tivation  is  about  8%. 

Comparison  of  different  virus  cultivation  methods  allow  one  important 
practical  conclusion  to  be  made:  if(  single  layer  cultivation  creates  conditions 
for  achieving  high  virus  yields,  then  roller  and  suspension  cultivation  are 
more  economical  and  make  possible  the  obtaining  of  a  virus  in  the  shortest 
time. 
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It  is  shown  that  E  coli  K12  her4  and  E.  coli  K12  her"  do  not  differ  ac¬ 
cording  to  the  ability  to  multiply  of  bacterophage  lambda  processed  prelimin¬ 
ary  with  aim  solution  of  hydrochloric  hydroxylamine.  ;iydroxylaraine  inter¬ 
acting  with  cytosine  residues  in  the  DNA  mosecule,  converts  them  to  oximes  of 
cytosino,  lindings  lead  to  conclusion  that  enzyme  system  of  dark  reparation 
does  not  recognize  changes  of  the  secondary  structure  of  DNA. 

The  problem  of  repair  of  genotic  damages,  induced  by  different  agents 
of  a  radiant  or  chenical  nature,  acquired  sp-^ial  significance  in  connection 
with  the  discovery  of  the  possibility  of  the  role  of  reparative  system  en¬ 
zymes  in  such  important  life  processes  like  rccombinati  ;n(7) ,  replication^, 8) 
and  mutagonesisd,  3,5,)-  The  question  romaino  unsolved  as  to  what  kinds  of 
DNa  damages  are  known  by  tho  reparative  systems.  The  0  inion  is  expressed 
that  certain  kinds  of  chenical  DNA  disruptions  do  r.ot  undertake  the  repairs, 
rather  the  damages  change  secondary  configuration  of  tho  DNA  moleculel6). 

Analysis  of  pepper  mutagens  whose  damages  in  DNA  undergo  repair  shows 
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that  they  all  definitely  con  distort  the  re  hi  !  i  t.  o .'muMo  spirals  of  DNA, 
for  mitomit-sons,  nitrous  and  sulfuric  y.'^rit*-,  nr  lci.c  -tyi  d  can  alone  with 
other  effect  suture  DNA  threads.  Alkylating  sin.]-  i,  i  ■  >  n  a  ;onts(mothyl 
methane  sulfate  and  ethyl  methane  sulfate)  also  •  ia!  ari.  r..\  secondary  struc¬ 
ture  because  of  alkylation  at  fyat  of  guaninclcc  ■  '$) .  If  this  is  so,  then  it 
follows  that  under  treatment  with  mutagens  which  w.i.1-  not  significantly  dis¬ 
tort  ’.Vatson-Crick  DNA  structure,  damages  necessitated  by  them  will  not  by  known 
by  enzymes  of  the  reparative  system  and  repair  will  not  take  place. 

It  is  known  that  hydroxylamine  interacting  with  cytosines  in  DNA-structure 
and  transforming  cytosine  residues  into  oximes,  can  turn  out  to  oe  a  minor  in¬ 
fluences  on  secondary  DNA  structure.  In  connection  with  what  is  expected,  re¬ 
pair  of  damages  from  the  indicated  agent  will  not  fol.ow.  In  present  exper¬ 
iments,  this  was  confirmed  by  the  influence  of  hydro xylanine  in  vitro  at  phage 
lambda  and  subsequently  its  cultivation  in  2  coli  her*  and  2  coli  hcr“  cells. 
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VEE  virus  production  on  one  CEF  cell  in  different 
conditions  of  cultivation 

On  ordinate  axis  -  virus  production  (in  BOE/cell) 

On  abscissa  axis  -  amount  of  cells  (•  10  ~°)  on  1  ml 
of  accumulation  medium 

1  -  single  layer,  2  -  roller,  3  -  suspension 


Table  1  -  Accumulation  of  YES  Virus  in  Primary  and  Interwoven  Cells  in 
Different  conditions  of  Cultivation  (in  Ig  BOE/ml) 
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Table  2  -  Accumulation  of  VSV  virus  in  cultural  conditions 
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Table  3  -  Accumulation  of  aindbis  virus  in  different  cultural  conditions 
(in  lg  BOB/ml) 
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